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The Functional Potential of Oregano
Post-distillation material can be used for producing an extract which showed high antioxidative  

capacity and can be used very effectively as a natural preservative in foods and feeds. 

by Daphna Havkin Frenkel and Hans van der Mheen 

Oregano was recognized in antiq-
uity for its health and medicinal 
benefits as well as its culinary 

value. This herb was used by the ancient 
Greeks and later by the Romans who 
spread its use throughout Europe. Most 
research attributes the health benefits of 
oregano to its essential oil components, 
particularly carvacrol and thymol. Scien-
tific literature further indicates that the 
oregano plant produces an array of anti-
oxidants in other cellular compartments. 
These phytochemicals can be beneficial 
to food preservation and have health 

benefits. The plant is multi-functional and 
can be grown for its multipurpose prod-
ucts, making the agronomic production 
of oregano economically feasible. 

Oregano and related herbs have been 
grown and used for the properties of their 
essential oils. These plants are used dry or 
fresh for their culinary attributes. Distilla-
tion (hydro or steam distillation), one of 
the oldest practices to obtain compounds 
from plants, is used to obtain the essential 
oils. Oregano and other herbs contain two 
major groups of phytochemicals: a vola-
tile fraction of biologically highly potent 
essential oils and a non-volatile fraction 
containing compounds with biological 
activity, including antioxidant activity. 

The primary group of antioxidants in 
the non-volatile fraction is phenolic com-
pounds, as shown by Ozkan et al. (2010). 
For example, rosmarinic acid, a deriva-
tive of caffeic acid, is a major and potent 
phenolic antioxidant in the non-volatile 
fraction occurring in oregano and other 
herbs of the Lamiaceae family. Oxidative 
compounds usually termed reactive oxy-
gen species (ROS), such as superoxide, 
hydrogen peroxide and singlet oxygen 
readily attack plant constituents. Plants 
contrived to create antioxidants which 
are able to decrease the oxidative damage 
caused by ROS.

Post-Distillation Fraction
While the volatile oil fraction has been 

used widely, the post-distillation fraction, 
containing a host of compounds such as 
fibers, sugars, color pigments, and anti-
oxidant phenolic compounds, is usually 
discarded. We developed a protocol for 
controlled growth, harvest, distillation 
and post harvest processes that enables 
the protection of activity of compounds 
in post-distillation material. Subsequently, 
following distillation, the residual plant 
material can be used for the extraction 
of a whole array of active compounds 
(Havkin-Frenkel 2006). This view can 
bring about a new manufacturing and 
marketing concept. It upgrades the value 
of oregano, which can now be used for 
essential oils as well as other products. 

Dietary consumption of antioxidants 
from edible plants has been shown to 
have health benefits, including protection 
against cardiovascular diseases, cancer, and 
other chronic disorders. Moreover, plant-
derived antioxidative agents may extend 
the shelf life of food products, enabling a 
reduction in the use of synthetic preserva-
tives. Plants with elevated antioxidant 
capacity can provide new natural sources 
for antioxidants. These plants can be used 
as components in functional foods or as 
natural sources for food additives and 

Table 1: Main Compounds Found  
in Post-Distillation Oregano leaves  

(Origanum vulgare)
Chemical % of Dry 

Apigenin >.01
Benzoic acid >.05

Caffeic acid 2-4

Chlorogenic acid >.5

Cinnamic acid >.1

Coumaric acid >.1

Dihydroquercetin >.01

Epicatechin >1

Ferulic acid >.01

Leuteloin-7-O-Glucoside >1

Methylated Quercetin 1

Narigenin >.01

Oleanolic acid 0.25

Protocatechuic acid >.05

Protocatecuic aldehyde 0.05

Queretin >1

Rosmarinic acid 3-5

Syringic acid >.05

Ursolic acid 0.9

Vanillic acid >.01
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medicines. Since the interest in natural 
antioxidants for health and improved food 
preservation/ stabilization has increased 
dramatically over the past ten years, novel 
sources of plant antioxidants are being 
pursued (Schaich, 2006). 

Oils from Oregano 
Essential oils are produced industri-

ally and in the laboratory by pressing, 
extraction, or by water or steam distilla-
tion. Most of the essential oil of oregano, 
consists of the phenolic monoterpenes: 
carvacrol, thymol and other volatile 
terpene derivates (monoterpenes and 
sesquiterpenes). These chemicals are 
produced in the isoprenoidic pathway. 
Previous investigations found that due 
to the high quantities of carvacrol and 
thymol in Origanum spp. oil, it has potent 
biological activities including antioxidant, 
antibacterial, fungicidal, insecticidal, her-
bicidal, and nematicidal activity. Recently, 
the demand for oregano oils has increased, 
due to the growing trend of the use of the 
essential oil as a anti-microbial feed ad-
ditive. This demand reinforces the need 
for production of high carvacrol or/and 
thymol content essential oils. There is an 
increasing interest in oregano essential 
oil and its component carvacrol for the 
use as a feed additive with antimicro-
bial properties, enhancing the health of 
poultry and pigs and in pets. In 2001, we 
started agronomic and industrial produc-
tion to acquire and develop Origanum 
strains rich in essential oil and carvacrol 
for optimal field production under Dutch 
climatic conditions. The process involved 
individual plant selection, nutritional 
requirements, biomass, harvesting time 
etc. Commercial field production and 
distillation was established a number of 
years ago in Holland. However, to make 
the production economically viable next 
to the oil a second product had to be devel-
oped. We found that the post distillation 
material can be used for producing an 
extract which showed high antioxidative 
capacity and can be used very effectively as 
a natural preservative in foods and feeds. 
Because of the oregano strains used, the 
cultivation and harvesting techniques and 
the gentle/smooth way of steam distilla-
tion, the post distilling material is hardly 

damaged, resulting in an odorless left 
over material with high antioxidant activ-
ity. Because the harsh smell and taste of 
the essential oil is removed, the left over 
extract can be used as a natural preserva-
tive in a range of food products sensitive 
to oxidation, without affecting the nature 
of the product. 

Post-Distillation Antioxidants 
Oregano plants contain a large amount 

of phenols with known antioxidant 
activity. Oregano extracts with known 
antioxidant activity are currently commer-
cially available for use as food preservation 
agents. We identified in our post-distilla-
tion oregano preparation the compounds 
listed in table 1. The list indicates that the 
material is rich in phenolic compounds, 
notably rosmarinic and caffeic acid. Other 
compounds, such as various flavonoids are 
well known for their biological activity.

The post distillation left-over extract 
(formulated as a liquid or spray-dried 
Oregano Natural Preservative, ONP) 
results in a new commercial product 
with biological activity as indicated by 
the following: ORAC: 300,000.00 µmole 
Trolox equivalents/100 grams, DPPH: 
170.00 Gallic acid equivalent mg/mL, 
Total Phenol: 80.00 Gallic acid equivalent 
mg/mL, Chelating activity: approaching 
EDTA efficacy in some applications. An 
in-vivo antioxidant activity assay indicates 
that ONP is a better antioxidant than 
quercitin. The post-distillation oregano 
product can be prepared in various water-
based solvents and as spray-dry. It has a 
very mild tea aroma and doesn’t interfere 
with the food flavor. It may be applied 
in meats, baking goods, extrusion cere-
als, pet food and many other products. 
The oregano preparation, presented as 
Oregano Natural Preservative (ONP) 
can replace synthetic antioxidants and, 
moreover, can replace rosemary products 
in many applications, in particular various 
meat products. ONP can be added as a 
powder or in water, precluding the need 
to add rosemary in oil. 

Conclusions
Post-distillation, “left-over” residue of 

oregano has been found to contain a host 
of beneficial compounds in a significant 

quantity. The use of post-distillation plant 
material increases the economic value 
of oregano essential oil production and 
provides an additional source of valuable 
materials. New studies on cultivation 
and post-harvest handling and extraction 
protocols may reinforce and highlight the 
value-added contribution for post-distil-
lation residues from herbs. We developed 
a process that enables the use the oregano 
crop in a multi-purpose fashion, which in-
creases the economic value of the crop for 
the farmer. Thus the oregano crop is used 
both for distilling the essential oil and the 
additionally for extracting , a non-volatile 
fraction, containing mainly phenols. The 
process includes harvesting the oregano, 
gentle distillation of the essential oil, fol-
lowed by quickly drying the “left-over” 
(post-distillation) plant material. 

The dried leaves and stems can be 
separated, ground, and extracted with 
various solvents. Since most of the phy-
tochemicals are in the leaves and are water 
soluble, ethanolic-water is the solvent 
of choice. The ONP can be used as an 
antioxidant preservative in food prepara-
tion. ONP also contains anti-microbial, 
anti-inflammatory, and anti-aging agents. 
Studies are underway to examine the ex-
ploitation of these compounds. 
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